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Usi.1 MlcrowIYt Facilitlts ia Lower Maabana.

[atroductloD aad Su••ary

The purpose of this section is to survey the current use of short-haul microwave in

Manhanan. to assess the extent of microwave frequency conlestion in Manhanan and

to assess the likelihood that a typical business location can install a microwave link to

gain access to an interexchanle carrier point of presence (POP) or similar location.

Lower Manhanan. with the larlest concentration of business activity in the country,

almost certainly has the Ireatest use of short-haul microwave and the most spectrum

conlestion. However. for a number of reasons. we belie.,e tbat it is feasible to

connect almost any business location in Manhattan by microwave to an interexchanle

carrier POP. Moreover. we believe that it is also likely that most business customers

can be connected via microwa.,e to buildinls served by the New York Teleport fiber

optic cables.

First. for the short path lenlths needed in lower Manhattan. the appropriate frequency

bands are 18 GHz and 23 GHz since the FCC now restricts tbe use of other bands for

10nler patbs. Only recently did the Federal Communicatioas Commiuion (FCC) adopt

technical specifications for these bands. and only recently hu equipment become

available. At these frequencies. there is u yet little or no cODlestion.

Second. the FCC relulatory scheme for microwave radio disliDluishes betweeD private

users and common carrien. In the more mature (and more cODlested) frequency bands.

the FCC usually allocated frequeDcies for either common carrier or private use. These

exclusive aliocatioDS limited the ability of users to choose frequeDcies. particularly in :1

canlisted envirODIIleDL However, botb private usen aDd common carriers as well as a. ,
new catelory of ·private carrien- are elilible in the 18 GHz aDd 23 GHz bands.

t!

Third. a review of 18 GHz aDd 23 GHz data. supplied by a frequency <-\Jordination

CODtractor.· shows larle numbers of links that were coordinated. but not actually

4 Shooshan ~ Jackson Inc. commissioned a study of the 18 and 23 GHz
frequencies by Comsearch in March 1917. The Comsearch study provided two outputs.
:l printed list of all licensed and coordinated radio links in lower Manhattan and map
oyerlays which showed the specific microwave routes. The list of radio links was
keyed into our computer for analysis and is reproduced as Appendix 2 to this report.
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installed yet. This stronlly sUliests that these frequencies and paths are beina

"warehoused." and that they are in fact available for use when customer needs arise.

Fourth. review of the same data show! that local microwave carriers bave established

hub-and-spoke configurations with hubs located on tall buildinls. Thus. even though

microwave links require line-or-silht paths and can be blocked by intermediate

buildinls. these bubs have probably been chosen so that line-of-silht paths do actu3lly

exist to business locations in most cases.

In summary. it seems hilhly likely that local microwave can be used in lower

Manhattan to connect to virtually any customer location.

FCC Micro.... R...latory Sc.....

The FCCs scheme for relulatinl the use of microwave spectrum includes elilibility

rules. permissible use rules. technical speciCicadoas and freqaency coordination. These

are discussed in turn.

EUIlbUlly aad • .,.IuU.I. Us.

The eliaibility rules are baHd on the idea that there are Coar types oC users who use

the microwave spectrum Cor dinereDt paf1M)lel and need dirferent technical

specifications. These four are common carriers (relulated by Part 21 of the FCC Rules);

broadcasters (Part 74); cable TV operaton (Part 71); and private commercial companies

(Part 94). The elilibility rula are written so that. in principle. an entity is elilible in

one and only one of theH four services.

Th.• FCC traditioDally allocated spec1um to thae four services on an exclusive basis.

For example. commOD carriers and private users each have separate exclusive spectrum
"allocatioDS at 2 and 6 GHz. and common carriers also have exclusive 4 GHz and II GHz

spectrum.

However. in recent decisions the FCC has allocated spectrum on a shared basis. The

FCC reasoned that it is not uncommOD to have dirferent patterns of usale between

The map overlays are oversize and do not reproduce well when reduced. Thus. they
have been omitted from this report.
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common carriers and private users. so that. for example, the common carrier spectrum

in a particular area milht be heavily conlested while the private spectrum milht be

sparsely used. Thus. for 18 G Hz and 23 GHz bands. the allocation is shared rather

than exclusive. By allocatinl larle bands on a shared basis rather than splitting up

the bands into narrower. exclusive allocations. the FCC felt that there would be a

higher likelihood of meetinl user needs.

The permissible usc rules are lenerally tied to the elilibility catelories. For example.

broadcasters are permitted to use the microwave spectrum listed in Part 74 to carry

pro,rams for broadcastina. but they are not permitted to use this spectrum for internal

administrative traffic. Private companies are permitted to use Part 94 spectrum in

support of their business operations, but not for broadcastinl operations. (One

silnificant exception to this is the 21.2-23.6 GHz band. Broadcasten are elilible to be

licensed as private companies and are permitted to use this band to carry broadcast

prolrammin..> Nor is it permissible to ofCer a common carrier service on private

microwave frequencies. However, a major chanle to the permissible use rules,

discussed more fully below, DOW permits the use of private microwave spectrum for

profit-makinl ·private carrier· service.

Prlnte Carrier Decl.lo. (FCC Docket No. '3-42')

Traditionally, the FCC allowed private microwave licensees to shu. their radio

channels with other eUlible usen on a non-profit ba~i:·;. In 198', the FCC adopted a

decision that permitted these Iicensces to sell excess capacity at a profit. In addition.

the Commission created a Dew class of ·private carriers· who are elilible for private

microwave licenses and Ire permitted to sell capacity at a profit to anyone who would

be .Ulible for a private microwlve license.,

The FCC expected that priv.1e carriers would be distinluished from common carriers in

several ways. Private carriers would be likely to c=stabUsh medium-to-loRI-term

contractul relations with relatively stable cUents. and would be likely to tailor their

ofCerinls baed on the penonal and operational compatibility of potential users with

users already aD the system. Moreover. these carriers would not hold themselves out to

offer service without discrimination to the leneral public.
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It is too soon to know whether the private carrier business will Irow Quickly or

slowly. However. the FCC was influenced by the popularity of private carrier systems

licensed in the private land mobile service since 1974.

With the availability of private microwave spectrum. as weil as liberal elilibility and

permissible use policies for the domestic satellite service. there is little reason for new

start-up communications service vendors to become common carriers. Private carriers

have a great deai more flexibility than common carriers and substantiaily less

reButatory burden. Common carriers must publish their rates in the form of tariffs5•

and must not discriminate between customers in the pricin, of their services. Private

carriers need not publish their rates. and can charle different prices to different

customers for equivalent services.

Techalc.1 St••••rd.

Technic.1 standards are intended to protect a,ainst interference and promote the reuse

of spectrum. Microwave technical standards include power limits. frequency stability,

out-of-ch.nnel emission limits. minimum path lenaths and antenna directivity.

Technical standards affect equipment costs as well as spectrum efficiency. Narrower

channelizations or tilhter frequency st.bilities m.y permit more users to sh.re a block

of spectrum. but may lisa raise equipment costs so much that the users are forced to

find cheaper alternatives or do without service altoaether. Similarly, laraer dish

antennas focus the ener,y of the radio transmitter into a narrower leolraphical beam.

allowin. the same frequency to be reused at loc.tions nearer to the orilinal

transmitter than milht be the case with smaller dish Intennas. Of course. larler

antRnas are more expensive (in some,cases. much more expensive) than smaller

antennas.

To discoura,e the use of lower frequencies for short-haul links. a minimum path length

requirement was adopted. Because of propa.ation features of the atmosphere. lower

frequencies are more useful for lonler path lenlths. By adoptinl ~inimum path length

requirements. the FCC has soulht to preserve these lower frequencies for lonler path

5 Not all common carriers must file tariffs. The FCC now allows non-
dominant carriers to refrain from filing tariffs.
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requirements. The FCC favors the use of hilher frequencies, above 10 GHz. for

shorter paths. For most microwave paths of relevance to this study, the FCC minimum

path lenlth requirement virtuaUy forces them to be at 18 GHz. 23 GHz or higher.

In general, the FCCs policy loaIs in adopcinl technical specifications are to ensure

that the spectrum is used in a manner that is both technically and economically

efficienc, and to promote intensive use of the spectrum to meet user needs. These

goals are seldom consistent with one Inocher. Particularly at the hilher frequencies

(23 and 31 GHz) where technololY is still evolvinl. the Commission has adopted less

strinlent technical specifications in order to keep equipment costs down and thereby

promote the use ~Ied or lilhtly used spectrum.

Freq•••cy Coordl••tlo.

Frequency coordination is pare of the licensinl process. It is I technique used to

enforce the principle that an earlier licensee should be protected rrom interference

caused by a later licensee. In doinl frequency coordination, an entity that wants to

apply for a radio license will first check a data base of exislin, users to find a

frequency or frequencies that do not interfere with, nor are subject to, interference

from existinl microwave links. Such data basel are maintained by commercial

eontraccors such as Spectrum Planninl. (nc. and Comearch, Inc.. as well .. by AT&T

and perhaps other carriers.

For common carrier microwave applications (and for private microwave users sharinl

frequencies with common carrien), the next step. aCter identifyinl interference-free

frequencies. is to send a notice to other nearby users advisinl them of an intention to

fil..a license application. Thil ·prior coordination· is a process that is required by,
FCC Rules. but operated privately by commercial contractors rather than by the FCC.

t/

A nearby Uler, who milht disa.ree with the initial interference analysis and believe

that his microwave link will be subject to interference. would at this point, respond

with a letter disputin. the coordination. Such disputes are not uncommon. The initial

frequency and path selections are lenerally based on a computer analysis that may not

have precisely included the effects of terrain shielding. so a field survey may yield

more precise informacion about the shielding of the disputant's receiver. The applic:lnt
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and the disputant may have made different assumptions about the terrain or the

technical features of the eQuipment.

If a dispute occurs. the standard practice is for the two parties to nelotiate an

agreement. This nelotiated alreement may be as simple as a verbal alreement on

assumptions in the calculations. or may require the new applicant to specify a different

equipment confiluration. The applicant can. for enmple. alree to install a larler (and

more expensive) antenna to narrow the beam of the silnal and thereby minimize

interference in certain directions. In unusual situations. the applicant milht alree to

pay for the replacement of some of the receivinl equipment in the disputant's network

with equipment that is less susceptible to interference. In almost every instance.

however. the dispute is settled at this stale in the process and the new applicant

submits an application to the FCC with the certainty that no interference will result.

ACter prior coordination is completed. the applicant is able to file with the FCC.

However. not all applicants actually file at this time. The frequency coordination

contractors enter prior coordination data into their data bases on the assumption that

the link will be instaUed. Thus. subsequent applicants must avoid frequencies and

locations that milht cause interference to links that are coordinated earlier. even if

these earlier-eoordinated links are not yet instaUed. It is at this point that

speculators are able to tie up (or "warehouse·) unused spectrum. As discussed more

fully below. a review of data supplied by a frequency coordination contractor sUliests

that this has happened in Manhattan.

For private microwave applications on frequencies not shared with common carriers.

the,l>rior coordination process is not rJquired. After the computer data base frequency

selection. the application is submitted to the FCC and placed on public notice for 30,
days. Durinl the public notiCe period, any nearby licensee who believes that his

network will be subject to interference can file a Petition to Deny. If this occurs. the

FCC staer will not try to reach a decision; instead they will instruct the applicant :lnd

the petitioner to nelotiate a settlement.

In practice. microwave frequency coordination and interference disputes are settled by

nelotiation between the new applicant and the prior licensee. In almost every

instance. the two parties are able to agree on a route and frequency selection that will
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meet the applicant's needs without causinl interference to the eartier licensee. In

some cases the mutually-acceptable choice milht be more expensive than the original

choice because it milht require larger antennas or a different routinl with intermedi:ue

repeaters.

Gueral S.cklrouacl Rel.rdia. 18 aad 23 GHI

The 18 GHz and 23 GHz bands were virtuaUy unused until recently. According to the

FCC. as of early 1912. there were only 159 licensed links in the 17.7-19.7 GHz band

and only 36 in the 21.2-23.6 GHz band. (Notice of Inquiry in Gen. Docket No.82-334.

released July 9. 191~ at Appendix G.) Yet. as of the faU of 1916. there were about

1.800-2.000 licensed at 18 GHz and about 3.600-4.000 licenced at 23 GHz accordinl to

informal information from the FCC staff.

The 18 GHz and 23 GHz bands are much larler than the microwave bands at lower

frequencies. The 11 GHz band containl 2000 MHz of spectrum. and the 23 GHz band

contains 2400 MHz. By comparison. the common carrier microwave bands at 4 GHz and

6 GHz each contain 500 MHz. and the II GHz band contains 1000 MHz. The 6 GHz

private microwave band cOlltains 350 MHz. and the former 12 GHz private microwave

band. since reallocated for Direct Broadcast Satellite service. contains sao MHz.

For these reasons. the 11 GHz and 23 GHz bands are relatively uncongested compared

with lower frequency ballds.

The 21.2-23.6 GHI •••d

The 21.2-23.6 GHz band is allocated half for common carriers and half for private

uset'. This entire baad is also shared with the Federal Government. whose use is. ,
relulated by the Interlovernmeatal Radio Advisory Committee of the Department of

"Commerce. The FCC. in a 1910 decision. adopted technical specifications for the

21.8-22.0 and 23.0-23.2 GHz portions of the band: these two sub-banos 21.8-22.0 and

23.0-23.2 GHz are in the half allocated for private use. The FCC also adopted a

channel plaa consistinl of SO MHz channels for these sub-bands. The Commission

rejected the proposal that portions of the 21.2-23.6 Gilz band be available for

unlicensed use or use without frequency coordination. However. as discussed below the

FCC later decided that the 31.0-31.3 GHz band could be used without frequency

coordination.
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Althoulh the SO MHz chanaei plan was adopted only for the two sub-bands. it has

become the de facto channei pian for the entire 21.2·23.6 GHz baad. The FCC did not

impose any spectral efficiency requirement (such as the I bit/sec/Hz requirement wnicn

exist! at lower frequencies) for this band. Thus. a SO MHz channel milht carry a

video channei. a 1.5 Mb/s silnal. a 6 Mb/silnal. or perhaps oaly a 56 kb/s silnal.

This versatility in channei carriale as well IS the modest technical requirements have

resulted in low equipment costs for this balld.

There is DO sinlle filure which explains well tbe enormoul capacity of this microwave

band. However. we can illustnte the capacity by calculatinl the capacity of a few

hypothetical systems. First, let us try to calculate the maximum capacity betweell two

poillts A and B. The 2,400 MHz of spectrum in the 23 GHz balld supports 24 pairs of

SO MHz chaDDels. If each chaDDel pair were used to carry a DS2 silnal then there

would be a total capacity of 24-96-2,304 voice chaDnels between A and B. However.

this is an inefficient use of the radio spectrum. Radios are now available which

transmit a OS3 silDal in the SO MHz chanDels. If each channel pair were used to

carry a OS3 silna" there would be a total capacity of 24-672-16,121 voice circuits

between A and B.

Additionally, a sinlle channel can be used for multiple paths from a sinlle point.

Doin. so requires sufficiently directional antennas to reject the otherwise interferinl

silnal. Polarization discrimiDation can also be used to reduce interference. Such

techniques are commonly used at lower frequencies, however the lack of conlestion :It

23 GHz hu allowed us to escape the need Cor re-usinl a sinlle channel at anyone

lac.tion. But, if we were to use each channel on three bearinls (azimuths) theD the. ,
capacity at 23 GHz of hub would be triple the numbers liven above.

f

fh. 17.7·a.'1 GHz Ba...

After a series of decisioDS resultiDI in a technically unsatisfactory channel plan for

the 17.7-19.7 GHz baDd, the FCC rinally adopted a CODsensUS plan proposed by a

number of interested manufacturers and trade associations. The final 18 GHz channel

plan is discussed in the Attachment. In addition. a 1 bit/sec/Hz efficiency standard

was adopted for the entire 17.7-19.7 GHz band effective December 1981.
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The 18 GHz point-to-point spectrum can be used for any type of silllat: :lnalog

telephony. digital data. video, etc. In practice, most of the use is diaital at T·l and

T-3 rates. Typical users include common carriers and sophisticated private users such

JS electric utilities. petroleum companies and local governments. Broadcast and cable

TV use is very smaJI.

Th, 31 GHz aaad

In early 1985. the FCC adopted reluJations and technical specifications for the

31.0-31.3 GHz band. The most sianificant aspect of this decision is the absence of :1

frequency coordination requirement even thouch there is I license requirement.

Consequently. applicants can save time in preparinl their license applications. but they

are not luaranteed interference-free operation as would be the case in bands requirinl

frequency coordination. Technical specifications are similar to the 23 GHz band.

includinl 2.5 and 50 MHz channels aad 0.03% frequency stability. Althoulh a fairly

strinlent antenna directivity requirement was adopted initially. that requirement was

lifted in a reconsideration decision. Any entity. includinl a private individual. is

elilible to use this band.

For most fixed operations. the 21.2-23.6 GHz band appears preferable to the 31 GHz

band since frequency coordination takes little time and loures interference protection.

The one 10lical use for this band will be temporarily-fixed links installed by carriers

for a Quick response to user need~ either to meet a temporary requirement or for use

while a permanent 23 GHz license is beinl proceoed. Carriers will apply for a blanket

license to use this band. either within a specified aeolraphical area or anywhere in the

US. Within a few bours of a customer order. the carrier can have a link up and

opetatina. Interference protection will be achieved by trial and error-turninl on the,
receiver and listenin, for an interferinl silnal. The transmitters and receivers will be

frequency a,ile-tunable to Jirrerent channcls--so that the user can avoid interference

by turni., to a diCCerent channel. No equipment is yet on the market for this

frequency band. but we believe that at least one manufacturer has such a product

under dcvelopment.

Mlcrow... Usa., ia M••bau••

Manhattan is an island about 12 miles lonl. However. a greu majority of all

commerce in Manhattan is conducted in the southern part of the island. south of
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Ccntral Park. The distance from the tip of Battery Park to the south end of Centn}

Park is about five miles. For this reason. the short-haul ! 8 and 23 GHz bands are the

frequency bands of interest.

Much of the discussion in this section is based upon information extracted from the

frequency coordination data base for the 18 and 23 GHz bands for the Manhattan

Island area supplied by Comeareh. Inc. The informatioll in this listin. includes one

line of data for each link that has been frequency coordinated. The information for

each link includes: trallsmitter locatioll. direetioll of path. chanllels or frequencies

coordinated. and applicant's name. A link may correspond to one or more channels

operatinl alonl the same path.

In this listin.. there are 345 links at 23 ORz and S01links at 11 OHz. Considerinl

the sman aeolraphieal area covered and the relatively short period of time since these

bands became available. this is a surprisillily larle number of links.

Each link in the data base can represent one or more frequencies or channels. All

analysis of the data shows that each 23 ORz link, on the averale, represellts 1.91

channels and each 11 ORz link. on the averale. represents 3.32 challnels. These are

aot larle numbers, however. in view of the enormous amouat ot spectrum represented

by these tWO bands and the larle numbers of challileis they contaill. The 230Hz

chanael plan includes 24 channels and tbe 11 ORz channel plan. whicb is very

complicated. contaiDS at total of 332 channels. (Note: many of tbese channels overlap:

see Appendix 1 for a more detailed discussion of tbe II OHz channel plan). In fact.

these links are only sparsely populated. with only a few of the possible channels listed

all .ach link. ,

Coordl••t.tl b.t V.lle.......Iocrow... 'ath. I. M••h.tt••

It appean that many of tbe links i4 the data base are coordinated but not licensed,

because the file entry does not include an FCC-auilned call siln. Once a link is

entered into the coordination data base, other later-coordinated links must avoid

causinl interierenee to the earlier-coordinated link. III practice. this is true even if

the license application for the earlier-coordinated link is filed later at the FCC than

the application for the later-coordinated link. The earlier-coordinated link must be

avoided. even if a license application for that link is not filed for months or even
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years. The earlier coordination allow! an applicant to lock up frequencies and paths.

to "warehouse" them. for lonl periods of time.

AccordiQI to FCC policies. frequency coordination should be accomplished within six

months prior to the filinl of a license application. From the FCC's viewpoint. this

minimizes the likelihood that interference could result because the data base became

out of date. It also means that coordinations should be purled froID data bases if no

application is filed within six months. In practice. however. in order to take into

account delays in desilninl complu networks. and in order to assure capacity for

growth. coordinations can be renewed. Thus. coordinated links can remain in the d:u:l

bues for lonl periods of time. and other applicants must desiln their networks to

avoid these unbuilt links. This is a policy which works well in unconlested portions of

the spectrum - especially if the systems involved require silnificant planninl or

capital budletinl delays. Such warehousinl will become inequitable or will faU apart

under speculative strains if spectrum scarcity becomes a problem in the affected relion

of the spectrum.

A review or the Maahlceall data base lu....n thac 490 Iillts. or 51 percent of the

total links listed in the Comsearch report are coordinlted but not licensed. Thus,

rather than showial that Manbattan is conleste~ the dati base shows fbat Manhattan

contains a very larle number or microwave paths that have been freC4uency coordin:ued

and are available. but not yet in use.

As discussed below, it is IDOlt apparent from the data base that Local Area

Telecommunications Inc. (LOCATE) is coordinatinl larle numbers of paths in

Ml:dbattan. Other carrien wbicb ba,. apparently done this (tboulb to a far lesser

euent). include New Jersey SeU Telephone. 3M Metropolitan Transmission Center.
/I

Satellite Gaceway. U.s. TrllnsmissioD Systems. Eastern Microwave, Inc. and MCI

TelecolDmunicationl.

Thus. not only are the links in the data base sparsely populated with only a few of

the possible channels listed. many of these links are not in use at all: they are merely

coordinated for future use.
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LOCATE: the Larltlt "Ow.er"l or CoorcU.attd Links in Ma.laana.

Local Area Telecommunications. Inc. (LOCATE) is a local communications carrier

operatina primarily in the New York City area. (Other local microwave carriers in

Manhattan inclUde Waterfront Communications CorporatioD. 3M MetropolitaD

TransmissioD Ccnter. Private SateUie Network. Wold CommuDications and Satellite

Gateway.) LOCATE has Car and away the larlCSt number oC microwave links in thc

data base. with 319 liDks out of a total of 847. By comparisoD. no other entity has

lUore thaD 22 links listed. The laraest Hstinls are shown below.

Lic,nsee Nymber of Lipka

IgW Liscnscd Coprd. &x Dply

LOCATE 319 86 233 0
u.s. TransmissioD Systems Inc. ·22 9 13 0
Chase Manhattan Bank
(private network) 20 10 10 0
Private Satellite Network 20 6 11 3
AT&T Communications 18 9 9 0

- Mel TelecommunicatioDS 21 16 S 0
Todd CommunicatioDs.
SystelDl [nco II 9 0 9

3M Metropolitan TransmissioD 16 6 10 0
Port Authority of NY and NJ 16 10 0 6
New Jersey SeU TelephoDe 14 9 S 0
Others 421 In 194 40..................................................................
Total 905 357 490 S8

or the 319 links listed for LOCATE. 86 arc licensed aDd the remaiDinl 233 arc merely

coordinated.

As , carrier. LOCATE staDds rcady aDd williDI to supply commuDications chaDnels to

us'rs within the New York City aretl' Their market officials were not willinl to admit.

in a telepbone conversation. rIlat they are "warehousinl" frcquencies. However. they

did say that th:y 1I.!.e coordinated a numbcr of lir.k3 betw,,~n buildinls where they

expect tbat they milht be asked to supply service. and that they would be happy to

install equipment and supply service upon request.

For a description of some of LOCATE's business activities see the article DTS: A

Locieal FIrst/Last Mile Choice. in the October 1986 issue of Telecommunications :it

pale 65. The article describes LOCATE"s use of DTS radio to serve low capacity links
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aad gives some general discussion of LOCATE as well. The articJe was written by

Jeremiah K. Rehse who is described as vice-president of engineering of LOCATE.

LOCIl Mlcrow... Network Hub IDd Spoke CODflaurldoa

A review of the data base shows that many of the carriers operate local networks that

have a hub and spoke configuration. For example. from 21S Lexinaton Avenue. Priv:1te

Satellite Network has links emlnatinl at belrinls of 126.1. 173.3. 133.0.211.9 and 21:..5

degrees. From 55 Water Street. LOCATE has links emanatina at bearings of 20.2. 90.0.

141.0. 159.2. 160.9. 165.0 and 34S.0 delrees. From 1633 Broadway. Mel has links

emanadnl at bearinls of 32.9. 121.3. 213.1 and 273.S delrees. From the World Trade

Ccnter. LOCATE has links emanatinl at bearinls of 20.3. 31.7.33.S. 51.5. 138.7. 159.2.

180.0 and 293.1 delrees. AT&T Communications appears to use two hubs. New York 4

(32 Avenue of the Americas) and New York 7 (81 1 Tenth Avenue). with three links

emanatinl from each.

Hub and spoke confilurations for local networks make sense from economic. technical

and operational penpectives. The hub provides a control center for dispatchinl and

trouble-shootin.. It is a place where traCfic cln be combined or eonceatrated with

multiplexinl equipment. It provides a convenient point of connection with lona-haul

carriers by means of hilb capacity microwave or a co-located sateUite- earth station.

Turala aad B.lleU., Block.,.

Microwave links require line-of-silbt paths. Unlike radio services operatina at other

frequencies. microwave silnals cannot bend around obstructions. In the Western United

States. mountains block microwave paths. In Manhattan. taU buildings have the same

eff.ct. ,

It is not pouible to provide' precise assessment of the impact of buiJdinl blockale in

ManhartaD. Every path is diCfetent and must be analyzed individually. However. in

general. it seems likely that a hilh proportion of links can be implemented. for tWO

reasons.

First. as mentioned above. a number of the local microwave carriers seem to have

adopted a multiple hub and spoke confiauration for their networks. The hubs :lre

located where they milht be expected: tall buildinls. such as the World Trade Center
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and Empire State Building. that dominate the panorama. Chances are good that an

unblocked path can be cleared from the rooftop of the cuseomer's buildinl to one of

the taU hub roof-tops in Manhattan. Should a customer need a link between two

private business locations. a double-hop with the hub as an intermediate repeater is a

likely configuration. The local microwave carriers nave undoubtedly installed hilh­

capacity microwave links from their hubs to interexchanle carriers. or may even be

co-located with them. in order to meet customer needs for such interconnection.

In addition, it is possible to use passive repeaters in microwave paths to chanle the

direction of the beam. A passive repeater is simply two antennas connected back-to­

back. One antenna receives the incominl beam and the other Intenna redirects it in

another direction without addinl any amplification. It is commoll practice to use

passive repeaters to bend a microwave beam around a buildinl that blocks a suajlht

line-of-silhe shot.

Coaa.clloa. to ATAT Polat. or Pre•••c.

AT&T has established six POPs in New York City. four of which arc located in

Manhattan. or ·these four, the data base reveals tbat three are tbe locations of short­

haul microwave transmitters:

Lpcatiop

32 Avenue of the Americas

33 Thomas Street

811 10th Avenue

Number pC Ir.psminea

4 ATAT, , LOCATE

4 ATAT, 2 LOCATE

4 ATetT. 2 LOCATE

We fhus conclude that AT&T has at least belun testinl. and perhaps providinl. service,
over short-haul microwave between its POPs and customer locations.

"
Coaa.cd... t. tbe T.I.port Co••••ac.llo•• Optlc.1 Flb.r

A review of tbe data base shows that the (ollowinl locations on the Teleport

Communications fiber optic cable are also locations of short-haul microwave

transmitters:
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World Trade Center

Empire State Building

60 Hudson Street

60 Broad Street

5 Penn Plaza

399 Park Avenue

Exhibit A
Page 67 of 103

Number of Transmitter!

S6

28

2 (Satellite Gateway. Eastern MW)

4 (LOCATE)

4 (LOCATE)

1 (Citicorp Satellite Comm.)

From this we conclude that short-haul microwave is readily available to connect

customers into the Teleport fiber optic cable at the two hubs-the World Trade Center

:lnd the Empire State Building--and may also be available for interconnection at other

Teleport locations.

Mlcrow... H.alth ••• Safety

Qne potential drawback to the use of local microwave interconnection links is that

some people claim tJ:lat the radio frequency ellerlY emitted by microwave transmitters

could be danlerous to humans. It so. then authorities milht establish relulations that

constraill or prohibit the use of microwave transmieren in populated areas.

Governmellt aleDcia have been reviewinl scientific evideace of harm-l:or a Ilumber of

years and have leneraUy concluded that point-to-poillt microwave trallsmitters have

little or no likelibood of causinl harm to the leneral p\,.blic. This is because of the

low power that is emittecl (leneraUy less than 10 watts. but less than I watt at 18

GHz and 23 GHz) and the inaccessible locations of microwave transmitters atop towers

and roofs. (However, there may be a point near the feed horn of the microwave dish

whete the power level is hip enoulh,to caule localizecl heatinl of the body. Thus,

workmen must avoid these locations and repair on microwave dishes should be

"conductecl only when the traasmitter is turned off).

Because of the possibility of harm to the public from some hilb power radio

transmitters. the FCC in 1915 adopted a policy that required radio transmitters to

comply with special license processinl luidelines dealinl with environmental RF

concerns. However, because of the low power of microwave transmitters, the FCC

proposed to categorically exclude them from these requirements.
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OSI and OS2 rate:
Product:
RaDle:

OS3 Rate:
Product:
Ranle:
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The U.S. Environmental Protection Agency is in the process of adoptinl safety

standards for radio emission levels. While some broadcast stations. which tr3nsmit

hundreds of thousands or even millions of watts. might need to be modified to meet

the EPA proposed standards. microwave transmitters ran well below the levels of

concern. Some scate and/or local governments have adopted or proposed radio

frequency safety standards: standards which have been at about the same levels as the

EPA is proposing to adOPt.

Mlcrow... COlt Model

$22,000 (two radios, one liak)
NEC 1106MB
Up to five miles
IC raDle Ir.ater thlD five miles aDd Ie" thlD seven 3dd
$1,600 Cor hilher .ain antennas

InstaUation Ind Licencina: $9.000
Data Source: Phone caU NEC America. April 15, 1917
NOTE: This radio cODtains an int'lral M12 multiplexer so it interfaces directly 3t

tbe OS 1 rate eveD thouah it transmits It the DS2 rate.

S90,Ooo(two radios. ODe Hnk)
Ollila! Microwave Cor1'Oration DMC 1I
Up to five miles
IC ranle Ireater than five miles Ind less thaD 10 add

52,400 for hilher lain antennas.

Operations and Maintenance costs:

A site rental or roof access charle aUowance of 52,000 per year is included.

If a repeater site is required (double-hop conCiluration) add another 52,000 per
year for site rental.

• A OAM allowaDce of one percell} per mODth of the hardware cost is included.

Co.cl••loa

While there is substaDtial use of the '18 GHz and 23 GHz frequencies in Manhlttan, the

use is small compared to the total capacity of the band. Althouah the data base

appean to show I larl' number of links. few of the links hive been implemented and

few channels on those links are actually beina used. These two bands have an

enormous capacity compared with lower frequency bands.
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Line-of -siaht paths are probably available to a larle proportion of office buildings in

lower Manhattan because of the hub and spoke configuration of local microwave

networks. Even when the line-of-sight path is blocked by an intermediate building, it

is common practice to use passive repeaters to bend the microwave beam around these

obstructions.

For these reasons. we conclude that there is a very hilh likelihood of interconnecting

any business location in lower Manhattan with a POP of In interexchanle carrier or to

a point of connection with the Teleport optical fiber USinl local microwave.

Coa.-rtl., Fixed COltl lato Moatbly COltl

Metbod

For each technololY. four dirrerent quantities are estimated:

1. Capital costs

l. Monthly operatin, Ind maintenallce costs

3. Relevant service liCe

4. Salvale value at the end of the estimated service liCe

The monthly cost for the system (or subsystem) is thell liven by

M + (C-(S/O+r)Q» (r I 0- (l/O+r)Q») ,

where C is the orilinal capital cost.

M is the moathly operatinl Ind mainteaance cost.

a is the relevallt service lire (ia mOllths),

• S is the salvaII valul. and ,

r is thl interest rate (percent per month).

"
Dllu..loa

The cost methodololY employed in this analysis has the followinl primary srrenlths:

o Calculatioll of montbly cost indices
o Rallkin. of system costs Iccordinl to net preseat value analysis (iC service

lives are equal)
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[t satisfies four essential criteria:

o The monthly charle should be a sialle number (rather than varyinl from
month to month).

o The monthly charle should reflect the cost of capital.
o The monthly char,e should reflect capital recovery.
o The monthly charle should reflect any salvale value.

This monthly capital recovery COlt calculation is identical to the annuity payments

required for an annuity with purchase price equal to the orilinal capital cost. term

equal to the service nfe. with a lump paymellt at the end of the term equal to the

salvl,e value. and calculated usinl the same interest rate. Tbis calculation of the

monthly capital recovery cost is similar to the calculation of the payments in I full

payback (financial) lease or to a consumer loan.

This cost methodololY jlnores tax effects ana looks only at bud,etary costs. Several

reasons justify ilnorinl tax effects. First. tax effects are usually a second order

effect. Tbey milht chanle the cost of a microwave or fiber optic system 10 or 20

percent but Ilot 10 percelll. Second. lenerally speakial. we do not kaow lhe tax

position of the user. Some larle users (e.l.. uaivenides. state lovernmellts) are not

tupayen. Even larle customers who are taxpayers have widely differinl marlinal t:IX

rates. Third. includilll tax effects (such as accelerated depreciation) would only lower

the. effective cost of a system. Thus. ilaorinl tax effects makes our results more

conservative; i.e.. underestimatilll the economic attractiveness of such systems.

The cost calculations described below used this method to calculate the monthly costS

of tpicrowave alld fiber optic systems. A lifetime of seven years with DO sllvale value

w'" assumed. The COlt of capital waf set at a conservadve 1S percent to reflect a

relatively bilh corporate hunlle rate.
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~tlcrowayt aad Fiber Facility Costs ill Lower MaahaUaa

The tables below show the costs of alternative l1igh-capacity telecommunic:ltions

facilities in Manhattan.

Table 1 shows the monthly costs of fiber optic systems spanninl distances from 0.1 to

IS miles. The table is broken down into two parts. Table IA shows the costs

assuminl that buildinl entrance requires no special construction. Table 1B shows the

effects of addinl a $1.500 entrance construction cost to the system cost.

Table 2 shows the monthly cost of alternative microwave systems. Table 2A shows the

case of sinlle-hop microwave systems. while Table 29 shows the cost of double-hop.

active-repeater systems.

Tables 3 throulh 6 show the first cost and the monthly operatinl costs (exclusive of

capital costS) for the technololies considered in Tables I and 2. These tables allow

the reader to substitute his or her own assumptions for equipment lifetime. cost of

c:lpital. and salvale value in calculatinl the equivalent monthly capital costs.

,
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